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Abstract
Introduction and hypothesis The aim of the study was to
investigate the variability of bony pelvis architecture from
the viewpoint of transobturator sling placement.
Methods The pelvimetry was performed on 122 women
who underwent pelvic computed tomography. Measure-
ments included: the distance between the interobturator
foramina line and inferior pubic symphysis (IF-PS distance)
as well as pubic arch angle, pubic ramus width, and pubic
symphysis length.
Results The length of the IF-PS distance varied between
7.4 and 26.9 mm (mean 15.2±4.3 mm, median 14.2 mm).
The distribution of measurements was asymmetrical with a
tilt of the values towards shorter distances. In 11.5% of
women, the IF-PS distance was longer than 20 mm. The
IF-PSdistancecorrelatedwiththepubicramuswidth(r=0.37,
p<0.0001) and pubic arch angle (r=−0.22, p=0.017).
Conclusion The IF-PS distance varies considerably in the
general population of women.
Keyword Bony pelvis.Suburethral sling.Urinary
incontinence.Computed tomography
Introduction
Suburethral slings, due to high effectiveness and safety, are
currently the mainstay of therapy for female stress urinary
incontinence (SUI). The rate of failure ranges from 5% to
15% and is related to aging, intrinsic sphincter deficiency,
previous anti-incontinence surgery, concurrent prolapse,
and mixed urinary incontinence [1–4]. Recent ultrasound
studies showed that unsuccessful outcome in most of the
cases is secondary to improper tape position. After the
transobturator tape (TVT) procedure location of a tape
under the urethra between the 50th to 80th percentile of the
urethral length (measured from the bladder neck) results in
the favorable outcome in 91% patients, whereas position
outside this section is associated with failure in 36% of
patients [5]. Correspondingly, Yung et al. [6] showed that
position of a TVT obturator under the proximal half of the
urethra increases the failure risk sixfold. Among patients
with recurrent SUI after midurethral slings managed at our
department more than 70% had tapes under the proximal
part of the urethra (unpublished). Thus, location of a tape to
close to the bladder neck may be a critical factor for sling
failure.
There is no unequivocal explanation of the reasons of
improper tape position. It is obvious that it may result from
incorrect surgical technique. However, in a subset of
patients, anatomical conditions, especially the bony pelvis
architecture, may also play a pivotal role. It may be
hypothesized then that in some women, due to their bony
pelvis anatomy, proper placement of a tape may be
impossible, despite applying ideal surgical technique.
The aim of the study was to investigate the variability of
bony pelvis architecture from the viewpoint of transobturator
sling placement using computed tomography scanning.
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The pelvimetry was performed on 122 Caucasian women
aged from 21 to 81 (mean 55.9±13.4)years, who underwent
pelvic computed tomography in the Department of Medical
Radiology, Medical University of Lublin. Indications for the
examination were clinical such as pelvic and abdominal
masses, abdominal pain and abdominal inflammatory pro-
cesses. Women with pelvic bone trauma or previous pelvic or
hip bone surgery were not included. Pelvic CT examinations
were obtained on 64-slice CT scanner (GE Medical System
Light Speed VCT) with scanning parameters established at
120–140 kV, 600–700 mAs with slice thickness at 1.25 mm.
The image data were stored in the hospital’s picture archiving
and communication system archive and retrospectively used
for pelvimetry.
The images were reconstructed and pelvimetry was
performed by two independent radiologists (KR-B. and
Fig. 1 Measurements done for the calculation of the distance between
the interobturator foramina line and inferior pubic symphysis (B–C):
the interobturator foramina distance between the medial margins of the
obturator foramina (A–A) and the pubic symphysis–obturator foramina
margin distance (A–C) between the pubic symphysis and the medial
margins of the obturator foramina. The mean value of the latter
distance was used for calculations
Fig. 2 Measurement of the pubic arch angle
Fig. 3 Measurement of the pubic ramus thickness
Fig. 4 Measurement of the pubic symphysis length
1006 Int Urogynecol J (2011) 22:1005–1009AD) on a 3D workstation (Advantage Window Workstation
4.0, GE Medical System) using topograms, multiplanar
reconstructions, and volume-rendered images. The assessment
of interobserver and intraobserver reliability demonstrated
good reproducibility.
The study was approved by the institutional review board.
Regarding the anatomical path taken by the transobtu-
rator tape, the length of the distance between the interobtu-
rator foramina line and inferior pubic symphysis (IF-PS
distance) seems to be crucial for tape position under the
urethra. The IF-PS distance was calculated using the
Pythagorean theorem on the basis of the measurements of
the interobturator foramina distance and pubic symphysis–
obtorator foramina margin distance (Fig. 1). The measure-
ment were done as follows: 3-D volume-rendered images of
the bony pelvis were tilted on the transverse plane until the
most medial part of the obturator foramen borders were
seen, which enables the shortest distance between them as
well as between them and the pubic symphysis to be
measured.
Other measurements obtained were: the pubic arch angle
(Fig. 2), pubic ramus width (Fig. 3) and pubic symphysis
length (Fig. 4).
Data were analyzed using Statsoft Statistical version
8 software (Statsoft Inc,. Tulsa, OK, USA). Shapiro–Wilk
testing and Lilliefors testing were used for normality.
The relationships between IF-PS distance and other
measurements were tested through a Spearman correla-
tion coefficient. Statistical significance was set at a P
value of less than 0.05.
To compare the degree of variation within a data set, the
coefficient of variation was calculated as a ratio of standard
deviation to the mean.
Results
Results of the bony pelvic measurements are presented in
Table 1. Distribution of interobturator foramina line-pubic
symphysis distances was asymmetrical and skewed
towards shorter values (Fig. 5). Distribution of other
variables was normal. Moderate, but statistically signifi-
cant, correlations between the interobturator foramina
line-inferior pubic symphysis distance and pubic ramus
width (r=0.37, p<0.0001) as well as pubic arch angle
(r=−0.22, p=0.017) were observed. Shapiro–Wilk testing
confirmed non-normality.
Discussion
Basing on the Integral Theory of stress urinary incontinence
described by Petros and Ulmsten [7], placement of a tape
precisely under the middle section of the urethra is essential
for restoring continence. Some studies showed that location
of a tape outside this zone is associated with higher rate of
treatment failure; however, the relationship between tape
Table 1 Variations in the bony pelvic measurements
Mean±SD Median Minimum Maximum Coefficient of variation (%)
a Figure
Interobturator foramina line–inferior pubic
symphysis distance (mm)
15.2±4.3 14.2 7.4 26.9 28.7 Fig. 1
Interobturator foramina distance (mm) 56.5±6.3 56.0 37.2 74.1 11.2 Fig. 1
Pubic arch angle (deg) 85.7±11.9 84.6 57.3 119.1 13.9 Fig. 2
Pubic ramus width (mm) 18.0±3.3 17.8 10.6 26.5 18.5 Fig. 3
Pubic symphysis length (mm) 35.5±4.9 35.0 26.4 52.3 13.7 Fig. 4
aCoefficient of variation calculated as a ratio of SD to the mean
Fig. 5 Distribution of interobturator foramina line–pubic symphysis
distances. The distribution is asymmetrical as proved by Shapiro–Wilk
and Lilliefors testing (Shapiro–Wilk W=0.94756, p=0.00013; Lilliefors
p<0.01)
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reported by Ng et al. [8], most of the cured patients had
TVT located under the midurethra, but in 9.7% it lay in the
proximal one third and 22.6% in the distal one third of the
urethra. Furthermore, Dietz et al. [9] showed that there is no
association between tape position and subjective cure rate
after TVT procedure. It is assumed that a TVT located
outside the midurethra may still serve as a fulcrum upon
which the urethra angulates or work as a traditional
pubovaginal sling by suspending the bladder neck and
proximal urethra [10]. It is unknown whether these
mechanisms may be also relevant for transobturator sling.
Thepositionofatapeaftertransobturatorproceduredepends
on many factors associated with surgical technique, such as
localization of vaginal incision and skin exit points, angle of
trocar placement as well as pelvic floor anatomy, for instance a
degreeofprolapse.Inthisstudy,weintendedtocheckifthereis
a variability of bony pelvic anatomy, which may potentially
influence the position of the transobturator sling.
The highest degree of variability, as indicated by the
coefficient of variation, was observed for the interobturator
foramina line-pubic symphysis distance. Its values ranged
from 7.4 up to 26.9 mm and distribution of measurements
was asymmetrical with a tilt of the values towards shorter
distances. Thus, it may be expected that in most women
undergoing transobturator slings anatomy of the bony
pelvis is unlikely to influence tape position. However, in
11.5% of investigated women this distance was longer than
20 mm. Results of ultrasound measurements demonstrated
that the mean distance between the bladder neck and
symphysis pubis in stress incontinent patients is shorter
than 19 mm [11]. Although the position of the bladder in
the patient from our study is unknown, supposedly, a subset
of women may be at risk to have tapes placed in the
proximity of bladder neck, because of pelvis anatomy. This
location of a tape not only increases the risk for unfavorable
outcome, but may also lead to the development of
postoperative de novo urgency [12].
Not much is known whether the pelvic bone architecture
differs in women with urinary incontinence from those in
general population. Handa et al. [13] observed that women
with urinary incontinence have slightly wider intertuberous
diameter and the pelvic arch. Furthermore, it has been
shown that boarder pelvic inlet and outlet dimensions are
independent risk factors for urinary incontinence [14].
Presumably, a larger pelvic floor area makes the pelvic
floor muscles, fascias, and ligaments more prone to
weakening and stretching that result in higher incidence of
incontinence. In our population, the length of the IF-PS
distance was inversely related the pubic arch angle.
Although this relationship was weak, it seems reasonable
to assume that the IF-PS distance is longer in women with
narrower pelvises. On the other hand, it is unlikely that
measurement of the pubic arch angle may facilitate
identification of women with longer the IF-PS distances.
Interestingly, the IF-PS distance was moderately
related to the width of the pubic ramus. The pubic
ramus width varied between 10.6 and 26.5 mm with
coefficient of variation 18.5%. Although it may be
palpated during the transobturator procedure, it is
speculative whether the length of the IF-PS distance
may be predicted this way.
It should be also considered that due to study location all
women were Caucasians, therefore, any variability related
to ethnicity or race, which have significant implications for
pelvic anatomy could not be evaluated.
In summary, the interobturator foramina line–pubic
symphysis distance varies considerably in the general
population of women. This observation suggests that the
bony pelvis architecture may potentially affect the position
of transobturator tape.
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